Background: Cancer is a leading cause of death in the world and the fourth leading cause in Malaysia. A widening disparity in cancer burden has emerged between high and low-middle income countries. A similar disparity due to differential access to cancer care between affluent and deprived groups is likely to exist within developing country too. We assess this inequality by estimating the number of deaths due to cancer that would be avoidable if all patients had access to the best available care in Malaysia, a high middle income country.
Introduction
Cancer is a leading cause of premature death in the world and ranks fourth, after Cardiac & Circulatory diseases, Infection and Injury, as a cause of premature death in Malaysia. A widening disparity in cancer burden has emerged between high income and low-middle income countries (LMIC) (Global Task Force on Expanded Access to Cancer Care and Control in Developing Countries, 2011, Global Task Force on Expanded Access to Cancer Care and Control in Developing Countriesc, 2010) . In 2008, LMIC accounted for 56% of all cancers (Boyle, 2008) and two-thirds of the 7·6 million deaths every year from cancer worldwide occur in LMIC (Beaulieu, 2010; Ferlay, 2010) . This is due to improving survival in developed countries in the past decades as a result of earlier detection and new and more effective treatments (Jemal, 2008) , but little of these advances are accessible to most people in LMIC. Closing this cancer divide between rich and poor countries is not just an ethical imperative. There is also sound economic justification for reducing avoidable cancer deaths. recently reported a Mortality: Incidence ratio of 60% for Malaysia (International Agency for Research on Cancer, 2013) . This neglect of cancer care in Malaysia has resulted in individual patients to seek care when they could afford it, thus creating a natural experiment to investigate the mortality impact of differential access to care in this population. On this basis, we estimate the number of deaths due to cancer that would be avoidable if all Malaysian patients had access to the best available care in the country.
Methods
This study is based entirely on secondary data sources available on cancer in Malaysia. The Ministry of Health's Medical and Research Ethics Committee approved the study. The number of avoidable deaths is the difference between the number of cancer deaths estimated for the general population in Malaysia and the expected number of deaths if all cancer patients had experienced the age-ethnic and stage specific survival outcomes observed in a reference population in Malaysia.
Data on the distribution of cancer incidence and mortality by patients' demographics and cancer stages are scarce in developing countries including Malaysia (Coleman, 2010) . Only breast cancer (BC) is relatively rich in data, hence we could only use data on this cancer to estimate the number of avoidable BC deaths.
Sources of Data on BC in the General Population
Data on the age-ethnic composition and cancer stage distribution of the general BC population is available from the national registry (NCR) (Zainal, 2011) though there is considerable under-reporting. Drugs utilization data (IMS pharmaceutical audits 2012) anti-cancer hormonal drugs (ATC L02B1 Anti-eostrogen and L02B3 Aromatase inhibitors) showed that 74% of patients were treated in safety net public hospitals in 2012. In the absence of national data, we therefore use multiple data sources that include patients predominantly from public hospitals to derive the age-race-stage distribution of BC in the general population.
1) National Cancer Registry data (Zainal, 2011) , which last reported on cancer incidence in 2007.
2) Penang Cancer Registry data (a regional registry) (Azizah, 2010) 3) A population based study (Abdullah, 2013) on BC survival outcome. The study combined data from both the national registry and a hospital discharge database (data mostly from public hospitals) in 2000 to 2005.
4) A single large public hospital based study (Ibrahim, 2012) on BC survival outcome in 2005 to 2009. 5) A single academic centre based study (Saxena, 2016) on BC survival outcome in 1993 to 2007.
6) A breast cancer cohort study which enrolled patients from 8 public and private hospitals in 2011 to 2012 (Jemal 2008) . Only data on patients from public hospitals are used.
There is also no data on the mortality outcome in the general population with BC. Survival data were available from source (2), (3) and (4) above. Globocan 2012 (International Agency for Research on Cancer, 2013) also reported a Mortality: Incidence ratio of 0.49 for BC in Malaysia.
Source of Data on the Reference Population
The reference population selected for this study is the patients treated at the only leading cancer centre in Malaysia which could accomplish survival outcome comparable to those observed in leading centres in developed countries (Healthcare Performance Measurement & Reporting for SJMC's Breast Cancer care services, 2016). This reference population consisted of Malaysian women with pathologically confirmed primary breast cancer treated at the centre between 2008 and 2012. Cases were identified through the hospital register as well as operative surgery and treatment records. Case ascertainment was independently verified to be complete. A rigorous procedure was followed to ensure complete ascertainment of mortality as follows:
1) All cases were linked through their names and identity card number to the national mortality database from the National Registration Department (to whom all deaths occurring in the country must be reported by law) to ascertain mortality outcome. This was performed in 2013 and repeated in 2014.
2) Remaining cases of uncertain outcome were linked through their names and hospital number to the hospital register (which record all visits). Patients who had a visit after 31 Dec 2013 are considered alive.
3) A sample of the remaining cases with Stage I or II cancers, and 100% of cases with Stage III or IV cancers, were contacted by phone to enquire about the patients' status. All patients with Stage I were thus determined to be alive, one out of 32 with Stage II was dead, likewise 5 (12%) out of 42 with Stage III and 2 (40%) out of 6 with Stage IV.
4) For survival analysis, we assume all cases with Stage I who were not contacted (60 cases) to be alive. For the 43 case with Stage II, we randomly select one case and impute her outcome as death. We assume all remaining uncontacted patients with Stage III (6 cases) and IV (1 case) cancers to be dead. Thus, any bias in the survival estimates arising of missing information on mortality outcome is conservative.
Statistical Methods
The observed number of deaths in a population with BC has 2 components:
(1) Background population mortality. This is the number of deaths that would be expected if BC patients had experienced only the background mortality (all-cause death rates) of the general population of the same age, sex, race. This is estimated from the population lifetable (Department of Statistics, Malaysia 2013).
(2) Excess deaths attributable to cancer, which is the difference between the observed number of deaths and background mortality.
Avoidable deaths is the difference between the excess deaths estimated above and the expected number of deaths despite best care. The latter is the number of deaths that would occur if BC patients had experienced the age-race specific patient survival rates of the reference center providing best available care in the country.
The expected number of deaths despite best care is estimated using the formula below (Frank, 2010):
where M is number of deaths, sum over i and j I is BC incident count in age group i and race j in the general population.
S is BC survival probability in the reference center in age group i and race j.
The estimated number of avoidable excess deaths in turn has 2 components:
(3) Avoidable deaths due to late presentation. As shown in Table 1 , 42% of patients with BC in the general population presented in Stage 3 or 4, in contrast only 27% of patients did in the reference centre. We first estimate the number of deaths that would be expected if BC patients had experienced the age-race-stage specific patient survival rates of the reference center, which has a low proportion of patients presenting in late stages. This is estimated using the same formula above. This number minus the expected number of deaths despite best care (from (2) above) gives the number of avoidable deaths due to late presentation.
(4) Avoidable deaths due to lack of access to best available treatment. This is the difference between the number of avoidable excess deaths and the estimate (3) above. The estimate of the number of avoidable deaths above is influenced mainly by the estimate of expected deaths, which in turn is likely to be under-estimated, and thus inflating the number of avoidable deaths, for three reasons. One, we could not adjust for the differences in socio-economic status (SES) between the reference population (85% of whom could afford to finance their own cancer treatment) and the general population (poorer patients treated in safety net public hospitals) on account of lack of data on SES for both BC patients and the background population. SES is a strong predictor of cancer survival outcomes (Woods, 2006; Ellis, 2012; Pokhrel, 2010) . Two, over-diagnosis due to intensive low value screening (Wilt, Harris, & Qaseem, 2015) is likely to be common in the reference population. This is well documented in other Asian country (Ahn, 2014) where cancer screening services are over-sold to an affluent population. Both these factors account to an unknown extent for the very high survival outcome among patients treated at the reference centre, which reported a relative survival for patients with Stage 1 BC that is better (>100%) than the background population without BC (Healthcare Performance Measurement & Reporting for SJMC's Breast Cancer care services, 2016). Three, the patient survival probability in the reference population should be estimated over a suitably long duration when most deaths would have occurred. Unfortunately, only data on survival up to 5 years are available, and no doubt many of the patients with Stage 3 and 4 BC would have gone on to die between 5 and 10 years after diagnosis.
Unpublished data from a single academic centre confirms this. At 10 years after diagnosis, patient survival is practically zero for stage 4 BC but about 40% for stage 3.
We conduct sensitivity analyses to assess the magnitude of the over-estimate. We randomly remove 20% of subjects who are likely to contribute to this bias due to the first and second reason above. For this purpose, we use out-of-pocket financing as a proxy indicator of SES status and Stage 1 status for over-diagnosis. For the third contributor to the bias, we randomly assume 30 patients with Stage 3 BC were dead (resulting in 25% survival at 5 years). This is conservative as this outcome is worse than unpublished data on 10 years' survival from a single centre (see above). We also assume all patients with stage 4 BC were dead. Excess mortality after 5 years for patients with State 1 and 2 BC were negligible since their reported relative survival exceeded or were near 100% at 5 years after diagnosis
Results
The demographic and tumor characteristics of BC reported by various data sources and on the reference population are summarized in Table 1 . The age distribution was comparable among all populations. The reference population, a leading private cancer centre, was mainly Chinese (76%) who financed their cancer care largely out-of-pocket (85%) and presented predominantly in Stage I or II, in sharp contrast to the other populations. Biomarkers were also poorly characterized in the other populations. Table 2 summarizes the mortality outcomes of BC patients in Malaysia reported by the various sources. Not surprisingly, patients treated at the reference centre have excellent survival outcome, which was the reason for its selection as the reference centre for this study. The survival outcomes reported by various individual studies, which is more representative of the general BC patients' experiences, were poorer. The survival outcomes of study populations that included patients predominantly from public hospitals were poor and consistent with the mortality rate reported by GLOBOCAN12. The number of BC deaths reported by GLOBOCAN12 (2572) was therefore used as the observed number of deaths in this study. Table 3 summarizes the estimates of the annual number (%) of excess deaths. 88% of these deaths are avoidable. Sensitivity analyses however show that this percentage may be as low as 50%, taking into account differences in SES, over-diagnosis and lack of long term survival data. Of the 2048 avoidable deaths, 1167 (57%) were attributable to late presentation and 881 (43%) due to lack of access to treatments. 
Discussion
Breast cancer is a common disease across the world but outcomes vary significantly between high and low income countries. Most women diagnosed with breast cancer in high-income countries can reasonably expect to be cured and enjoy a long life expectancy. Such progress has been made possible by high performing health services able to translate the advances in cancer screening and treatments into improved outcomes. However, in LMIC, under-resourced and under-performing health services continue to fail to deliver adequate screening and treatments leading to poor outcomes. It is well known that developing countries bore a disproportionate share of cancer deaths worldwide (Beaulieu 2009 , Ferlay 2010 . We have shown in this study that much of these deaths are avoidable, the number could range from 50 to 88% of cancer deaths. And these deaths are about equally attributable to late presentation and lack of access to optimal treatment.
Estimate of cancer survival is scarce from developing countries, and often unreliable due to incomplete case ascertainment and follow up leading to inflation of survival estimates (Coleman, 2010) . We avoided these pitfalls through independent verification of case ascertainment, through using a rigorous procedure to ensure complete follow-up and using conservative assumptions where missing data are unavoidable. We also estimate the magnitude of unavoidable bias through sensitivity analysis. The results lower the percentage of avoidable excess deaths from 88% to 50%, which is still very high.
The large number of avoidable deaths found in this study is largely due to differential access to cancer care between the affluent and deprived groups. Other studies which estimate avoidable cancer deaths attributable to deprivation have found comparatively lower numbers. In England (Ellis, 2012) , the percentage of avoidable BC deaths due to deficit in survival between rich and poor have declined from 27% in 1996 -2000 to 24% in 2004 -2006 . In Finland (Pokhrel, 2010 , despite its equitable health system, the percentage of avoidable BC deaths (using educational background as proxy for SES) was 17%. These comparisons highlight the huge disparity in access to cancer care and outcomes between the rich and poor within a developing country, which mirrors the global cancer divide between rich and poor countries. To minimize such extreme disparity, countries like UK and Finland have well-resourced and high-performing health services which are accessible to all, in contrast to the under-performing state-run safety net healthcare common in developing countries.
Cancer care services that deliver such poor outcome and such vast disparity between socio-economic groups in the same country are clearly under-performing. Health policy that specifically address these concerns barely exists. The same could probably be said for other health services except that there is hardly any data on disease epidemiology, health outcomes and services for most therapies in Malaysia. It would be too easy to attribute such poor performance to resource scarcity. Malaysia is a relatively wealthy high middle income country where much cancer care should be affordable. The cancer care system in Malaysia is in urgent need of reform.
